We assess impacts of rural road rehabilitation on market and institutional development at the commune level in rural Vietnam. Double difference and matching methods are used to address sources of selection bias in identifying impacts. We focus on impact heterogeneities and the geographic, community, and household factors that explain them. A key question from a policy standpoint This paper-a product of the Human Development and Public Services Division, Development Economics Department-is part of a larger effort in the department to rigorously evaluate the impacts of development programs. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. The author may be contacted at dvandewalle@ worldbank.org.
Introduction
Do new roads linking poor isolated rural areas to the outside world promote local development? An affirmative answer is often assumed in development policy discussions, which emphasize linkages that increase access to goods and services, enhance agricultural production, stimulate off-farm diversification and other income-earning opportunities, and eventually raise living standards.1 Yet despite a general consensus on the importance of rural roads, there is surprisingly little hard evidence on the size and nature of these benefits and on the contextual factors that influence outcomes.
This paper aims to contribute to knowledge on these issues by assessing the impacts of a World Bank-financed rural road rehabilitation project implemented between 1997 and 2001 in Vietnam.2 The project was intended to be targeted to poor communes. The standard way of thinking about road impacts is through effects on the prices of tradeables and nontradeables. But this assumes that markets exist. Initial conditions in the communes are characterized by highly geographically incomplete and non-existent prices because markets don't exist in many places for many goods. So logically the prior step to looking at prices is to explore the implications for markets and goods availability. We therefore focus on impacts on local area development, institutional and market related outcomes, as indicated by the presence of various kinds of markets, social services, the availability of various food and non-food goods and services, and changes in transport and employment.
The paper concentrates on three sets of questions. The first concerns average impacts of the rehabilitation of rural roads on local area and market development. The
World Bank project coincided with a period of rapid economic development in Vietnam.
The availability of goods and access to markets of various kinds increased substantially over the study period. How much of the change observed in communes covered by the Bank's project can be attributed to the road intervention? Did the road improvements encourage local market development? Or did the project have the opposite effect as local residents in the targeted poor areas could now travel further to established markets?
Our second set of questions concern heterogeneities in the project's impacts on local community development and what explains that heterogeneity. 3 Average impacts will stem from a number of underlying factors. Economics tells us that a reduction in transport costs will generate market activity and local development but it does not tell us that gains will be the same everywhere, or that everyone gains as a result. Heterogeneity of impacts can be expected to arise according to the economic, social and political characteristics of the community where the road intervention is placed and across households within a community according to their characteristics. We aim to both test for heterogeneity and try to explain it.
This leads to our third set of questions, which concern the structure of the heterogeneity in impacts. It is well recognized, in principle at least, that the same intervention can have different impacts on different places and/or households, depending on their characteristics. However, when there are multiple outcomes of interest and they cannot be aggregated into a single outcome (as is often the case in project evaluation) the policy implications of such heterogeneity depend crucially on whether it shares a common structure across different outcome variables. For example, if communes with better educated households tend to derive larger impacts for improved access across all kinds of markets, then a robust conclusion can be drawn about the gains from targeting such commune covariates. If the relevant sources of heterogeneity vary greatly across multiple outcomes then it will clearly be hard to exploit heterogeneity to assure better projects.
The paper next discusses generic issues about impact heterogeneity and its implications for development projects. We then provide a brief description of the project being evaluated and our data. Section 4 discusses our methods for evaluating impacts as well as exploring the heterogeneity in impacts. Section 5 discusses our results. A final section offers some conclusions.
Implications of heterogeneity in road impacts
Even in poor rural economies, some places are less poor than others. In thinking about the influence of the initial level of development on the impacts of a development project, one can distinguish 'increasing impacts' from 'decreasing impacts' according to whether higher levels of initial development enhance or diminish impacts. This is a potentially important issue for project design. Should we be targeting places that are well endowed and have the market institutions necessary for further economic development on the grounds that impacts will be higher there, or instead focus our energies on the places without such attributes?
In practice, it appears that project selection often tries to favor poor areas with poor road conditions. The degree to which poor road conditions coincide with other important bottlenecks to increased development and market activity ─ such as poor agro-climactic endowments, low population density, a lack of transport services, low education levels, risk, credit and other market failures ─ will clearly mediate impacts across communities. There is no obvious reason why placement in poor areas with poor roads will maximize overall impacts on poverty. When road benefits depend heavily on geographical, community, and household characteristics, project design may also need to consider complementary inputs and policies to achieve the full potential benefits from the road.
Heterogeneities across households and communities will not only influence aggregate outcomes but also determine who gains and who loses ─ the distribution of impacts. Even if aggregate output gains are forthcoming, there will almost certainly be losers too, such as when relative prices shift against the interests of certain people. Holding community characteristics constant, some households will be better placed to take advantage of a new road, due to their endowments and the nature of their occupations. Informal service provision may actually be displaced by better roads fomenting increased competition from outside the commune. Imagine, for example, a small trader who lived off periodically transporting a few essential commodities to be sold for a profit in the village. She may be driven out of business now that the bigger and better store in the nearby town is more accessible due to the road improvement. Commune level impacts ─ our focus in this paper ─ will reflect the aggregate of such household level impacts.
Such processes provide a source of ambiguity about impacts on market and local area development more generally. Road improvements could either be good or bad for local development. They reduce the costs of establishing, or relying on markets and facilities elsewhere which could well retard development in the project communes. As a direct result of better access, facilities and services may relocate closer to the commune center, or further away. Income and substitution effects could work in opposite ways. The substitution effect reflects lower costs and the fact that the net supply price from rivals has declined.
Alternatively, a general income effect of road improvement could generate demand for services from local poor providers. The net effect is an empirical question and could well be no significant overall average impact across project communes.
In examining impact heterogeneities we are first interested in identifying the key contingent factors relevant to impacts. But, there is little obvious reason to suppose that these factors all work in the same direction across different outcomes in influencing the extent to which a road transport improvement brings gains or losses. As a general point, the contingent characteristics relevant to development impacts may well be quite broad, and and Mu, 2007) . But, in this case, the project aid resources stuck to the road sector -the money being used to build rather than rehabilitate roads. From the point of view of our evaluation of road impacts then, this source of heterogeneity can be ignored.
There are also dynamics to be aware of. How long it takes for a road improvement to have impacts may well be outcome specific. For example, small consumer goods could see a rapid adjustment in availability, while bulky goods may be slower to respond. General equilibrium effects can take time. Our data will allow us to examine whether some outcomes appear to take longer than others to be affected.
These issues have tended to be ignored by the recent literature on assessing rural road impacts. Most studies can also be methodologically faulted in one or more ways.
Problems arise due to the endogeneity of much infrastructural development (see Binswanger et al. 1993, Jalan and Ravallion 1998) . Not allowing for the way in which infrastructure is allocated to specific regions, and for initial conditions that may affect subsequent outcome trends, will tend to bias impact estimates, often downwards in poor areas. The most common criticisms of past impact evaluations of roads are that they did not have appropriate controls, that they did not follow projects long enough to capture full impacts, and that the results
were not likely to be robust to unobserved factors influencing both program placement and outcomes. This study was designed to avoid these drawbacks.
The core model in past work on assessing transport projects is one that essentially sees impacts through the channel of travel cost savings. In a rural developing country context, the focus tends to be on agricultural profit as a function of transport cost per unit output and per unit input. There are many variations including for example the work of Jacoby and Jacoby and Minten who look at farmland values and wages to get at, respectively, the higher farm profits and the consumer benefits due to lower transport costs in Nepal (2001) , and willingness to pay for transport cost reductions in Madagascar (2007) .
The practice in the past has been to look at a narrow and theory-driven set of indicators.
However, practitioners have rightly said that this was missing a lot of potential benefits.
This paper accepts the possibility that past evaluations have been too narrow about the benefits. The research aims to capture and examine a much wider range of benefits that the transport literature has commonly noted. However, we do not attempt to provide a comprehensive measure of aggregate benefits. Rather, we explore a fairly diverse set of outcome variables that we deem relevant to local level market and institutional development.
However, there are limits to the dimensionality that can be meaningfully analyzed. We use the Multiple Indicator Multiple Cause (MIMIC) model developed by Jöreskog and Goldberger (1975) to deal with the dimensionality problem. This is the first application of MIMIC to an evaluation problem.
Setting and data

The rural road project intervention
The Vietnam Rural Transport Project I (RTPI) aimed to link commune centers to markets, and reduce poverty through the rehabilitation of 5,000 kilometers of rural roads (World Bank 1996) . The project was implemented between 1997 and 2001 in communes located in 18 provinces scattered around Vietnam. Participating provinces were responsible for choosing communes for inclusion in RTP1, as well as the road links to be rehabilitated within them. The latter were identified through least cost techniques. 4 Two other criteria for road link eligibility were a population in the road's zone of influence of over 300 per kilometer and average rehabilitation costs below $15,000 per kilometer. In mountainous communes with a high density of ethnic minority households, provisions were made for the possible waiving of the population and cost criteria. Bridges were also eligible for rehabilitation, based on the priority assigned to the road and construction costs of less than $50,000. It should be noted that the selection of project communes was complete prior to the project start date and hence was based on conditions in early 1997.
Originally, the project strategy was to identify specific locations along the road link that restrict accessibility and to carry out low-cost spot improvements. In practice, a more complete rehabilitation standard of 'reliable access,' that provides relatively consistent and safe access with only short-term road closures (due to bad weather), was generally enforced.
The project expressly stipulated that no 'new' roads would be built. Many of the targeted roads were in very bad condition, some with missing bridges and impassable sections year round.
Elsewhere we have ascertained that the project did produce impacts on the kilometers of improved roads. van de Walle and Mu (2007) show that project funds were used not only to rehabilitate roads as intended by the project, but also to build new roads.
Therefore, the impacts we study in this paper are due to both types of improvements. Using the methods to be described in Section 4 we have also checked to see whether the period under analysis was marked by differences in the implementation of other development projects in the project and non-project communes. For a long list of potential interventions available in our data, we find no evidence that project or non-project communes were treated differently. 5 Based on the findings, we are confident in attributing any differences in outcome changes over time to rural road rehabilitation and construction.
The SIRRV data
Collected specifically for evaluating the impacts of the rural roads rehabilitated under RTPI, the "Survey of Impacts of Rural Roads in Vietnam" (SIRRV) consists of a panel of 200 communes and 3000 households. The survey design implicitly takes the commune as the project's zone of influence. This is justified by the project objectives ─ namely to link commune centers (where key social, economic and administrative facilities are located) with road and market networks ─ and because the commune is an enumeration level at which data is commonly collected in Vietnam. Note, however, that such data allow us to investigate the impacts that occur inside the road project's zone of influence, but not those that possibly spillover to neighboring areas. This is a potential drawback is that we cannot say anything about impacts felt outside the commune, such as if better roads displace local development to the closest commercial center that is now more readily reached. In that case, we may even find negative impacts for the project communes while simultaneously underestimating total impacts since they fall outside our sample.
The baseline was collected pre-project starting in June 1997, while subsequent rounds followed in the summers of 1999, 2001 and 2003 , tracing the implementation process and schedules of prior rounds. The analysis for this paper makes use primarily of the first and last rounds, though we will also test impact dynamics using the 2001 round.
Project ("treatment") and non-project ("comparison") communes, and households within them, were surveyed in six of the 18 provinces participating in the project ─ Lao Cai province-specific lists of all communes with proposed projects. Another list was drawn up of remaining communes in districts with proposed sub-projects from which a random sample of non-project communes was drawn. The eventually sampled communes (100 project and non-project each) were located in 29 of 38 potential survey districts.
Non-project communes located in the same districts as the treatment communes will share many of the same characteristics as the project communes. But we additionally use matching techniques to ensure selection of the most appropriate comparison communes.
Districts are large and contamination from project to non-project communes is unlikely.
The commune data were acquired in part by drawing on annually collected commune records ⎯ both current and retrospective. Each commune appoints a 'statistician' who collects and maintains commune-level information such as pertaining to vital statistics, land use and distribution, production activities and finances. There is some concern that the reliability of these data varies according to average commune income and education, and local pressures to compile statistics that conform to pre-determined 'plans.' To minimize these potential problems, we focus on data that is likely to be less vulnerable to these biases and rely on household level data for these other factors. Although our analysis here focuses on commune level impacts, we use the household data to create commune level variables in a number of cases.
Fifteen households in each sampled commune also answered a household questionnaire. A welfare ranking implemented by commune authorities was used to divide households into the poorest, middle and richest thirds of each commune's households. Five were then randomly selected from each of these groupings. The household ranking is undoubtedly subjective, but stratified sampling on this basis should assure a sample that is reasonably representative of each commune's socio-economic groups. commune level welfare indicator which we use to divide communes into those below and above median mean predicted consumption, which we will refer to as poor and non-poor communes, respectively.
Finally, a project level database detailing what the project did, when and how, was also constructed for each surveyed project area. Project differences can then be taken into account in determining impacts.
Evaluation methodology
The project selection criteria detailed in Section 3.1 clearly allow provinces considerable freedom in choosing communes and road links. Some may aim to direct the project to poorer communes with important rehabilitation needs, some to those with greater economic potential. Either way, the placement of the project is unlikely to have been random and may well have been influenced by factors that also determine outcomes.
Another source of potential endogeneity bias in this context that we address is the problem that initial conditions, such as pre-existing infrastructure, are likely to determine project placement as well as to influence the subsequent growth path and prospects of the communes (as emphasized by Jalan and Ravallion, 1998). Hence, road placement is still correlated with the error term in the differenced equation. Our evaluation methodology corrects for both potential sources of selection bias.
Estimation of average impacts of the road project
To address these concerns we combine a difference-in-difference (DD) with propensity score methods (PSM). A conventional DD gives unbiased estimates based on the assumption that the selection bias is constant over time. To allow for the possibility of time variant selection bias due to initial observables, we use the predicted probability of participating in the road project (the propensity score) to match the comparison communes in the DD estimate. PSM is implemented using a logit. Our impact estimates are then constructed by comparing the before and after project change in outcome measures for the project communes with those for the matched comparison communes. As a robustness check, we also construct a PS-weighted DD (Hirano et al., 2003; Hirano and Imbens, 2002 ).
8
The key assumption of PS-matched or weighted DD in this context is that the selection bias is conditional on the observed placement covariates in the baseline. The estimates will be biased if there are unobservables that both affect project placement and outcome changes. Since all project communes were selected prior to the project start date based on initial conditions as reflected in our baseline, we need not worry about latent factors that might influence changes both in road placement and outcomes over time. In the logit model used to calculate the propensity scores, we control for an array of initial conditions that may subsequently affect changes in the communes. However, we can never rule out the possibility of omitted initial conditions which are correlated with placement and outcome changes over time.
Specifically, the average impact for project communes ( DD ) can be written as
is the impact estimate for commune i, and 
2 Estimating the heterogeneity in road project impacts
The focus of this paper is on local area development and market-related outcomes.
In particular we are interested to see how road rehabilitation affects the availability of transportation services, market development, social facilities and services, employment mobility, land and credit markets, and the availability of goods and services, including fertilizer, medicines, haircuts and tailoring, food and non-food products, in the project communes. In numerous cases, a difficulty arises in that a number of different variables can be used to measure one specific outcome, while each variable singly only measures the outcome in a partial way. The impact of the road intervention on these outcomes can not be To describe how a commune's observed initial characteristics influence the underlying impact index, the structural model can be specified as: (3) and (4), the MIMIC model estimates β together with j λ in the following system of equations:
The right hand side in this system of equations is restricted to be proportional to one another.
These proportionality restrictions constrain the structure to be a one factor model of the 9 Equation (3) is equivalent to a factor-analytic relationship, in which i I is the underlying factor and the coefficient m λ is the factor loading associated with the th m element. latent index. The assumption underlying (5) used to identify the parameters is that the various observed indicators of the road impact are related to observed commune characteristics only through the index ─ the road impact on the observed outcome. We obtain estimates of the parameters in the system (5) using maximum likelihood methods.
One advantage of MIMIC is that it allows us to systematically analyze related multiple indicators ─ an empirical challenge in certain types of impact evaluations. Moreover, this model extracts the common information from the indicators without imposing any restrictions on the weight associated with each indicator, since the weights ( m λ ) are estimated through the system of equations. However, the advantages of MIMIC don't come without a cost. Two shortcomings of MIMIC are that there is subjectivity in grouping the indicators and that the interpretation of the index i I , which is statistically constructed as a common element of the indicators, is also subjective to individual judgment.
Impacts on local community development and their heterogeneity
Participation in the project
The probability of a commune's participation in the project is estimated using a logit model. The detailed results are reported in van de Walle and Mu (2007), so we only summarize them here. We find some significant explanatory variables for program placement. Consistent with official selection criteria, communes with a higher total population and a larger share of ethnic minority population were more likely to participate in the project. Communes in Thai Nguyen, Nghe An, and Binh Thuan were more likely to get the project than communes in Tra Vinh. A few characteristics that may indicate higher living standards or local development have a significant negative effect on the probability of participation ─ namely, the share of the adult population working in private enterprises, the school enrolment rate and having an Agricultural Bank branch. Yet, other proxies for income have no effect ─ including, the presence of a market and predicted average commune consumption expenditures. Finally, among measures of transport and accessibility, a national road passing through the commune, the presence of passenger transport, a higher density of roads, and a higher distance to the province center all reduced the probability of participation, while a railroad passing through the commune improved it.
As there is imperfect overlap in the estimated propensity score for project and non-project communes, we limit the sample to the common support, ending up with 94 project and 95 non-project communes.
Using the predicted propensity scores to match communes, we achieve a close balancing of the initial observed commune characteristics for the two samples. Figure 1 compares the standardized mean differences for the covariates in the logit model before and after matching. 10 The mean standardized difference drops significantly from 14 percent before, to 9 percent after matching.
Average treatment effects
In assessing impacts of the road project, we examine a large and varied set of local area and market development related outcome indicators. These are listed in Table 1 and organized into two overall groups ─ local area development in panel A, and goods availability in panel B. In general, these move in the expected direction over time (Table 1) .
Indicators of local and market development, and of goods availability all tended to increase over the period covered by our data in both project and non-project communes. So, the key question is whether there was a differential impact attributable to the road infrastructure improvements in the project communes. The results change when we track the impacts through to 2003. Of the impacts significant in 2001, only those on the primary completion rate are sustained through to the medium term. A number of new outcome indicators exhibit significant impacts. As a result of the road improvements, markets became newly available in close to 10 percent more project than non-project communes over the 7 years, and their frequency increased from once or less per week to more than once a week in up to 25 percent more project communes.
One would expect better roads to alter income earning opportunities and levels of off-farm diversification. Against that, agricultural production, the mean occupation of the vast majority of rural households, can also be expected to get a boost from the road improvements. Is there evidence of impacts on employment and livelihood patterns? The evidence points to some impact with households less likely to rely on farming and forestry as their main source of income with on average a two and one percent decline respectively.
A significant impact on the share of households mainly relying on the service sector (1.7%
increase) hints at what alternative livelihoods these households may have switched to.
These are not trivial impacts given that in the baseline, only one and two percent of households were mainly engaged in the services and forestry sectors, respectively. Table 2 turns to our estimates of average impacts on the availability of food, and non-food goods and services at the commune level. 12 Changes in availability are measured as going from being never or only sometimes available for sale in the commune, 12 Unfortunately the price data is too often missing to allow an exploration of how prices may have been affected by the road changes.
Panel B in
to being always available. Impacts on consumer goods from better roads can be expected through both easier access and lower prices, and higher household living standards.
Increased availability could result from a greater share of goods being marketed and possibly also produced by local farm households, and/or easier access of outside goods to the commune.
A few interesting patterns emerge. The road improvements have a rapid, sizeable and significant impact on the availability of a number of perishable and non-perishable food items based on both the matched and weighted DD. An average of 15 percent more project communes always had rice for sale in the local market by 2001, while sweet potato and green beans were consistently available in 30 and 21 percent more treatment communes.
We also note rapid significant changes in the availability of pork, chicken, chicken eggs, fish sauce and salt. Thus, in a relatively quick response to the road improvements, households in project communes sell and buy a greater variety of produce and condiments, many of which are transport intensive goods or perishables that need to get to market rapidly.
However, those advantages are short lived as the differences in availability do not remain statistically significant two years later. By 2003, the comparison communes have caught up with respect to food goods availability. But by then, significant impacts on availability are found in the project communes for a number of other, non-food goods and services for which there was no sign of any effect in 2001. Tetracycline antibiotics can now be found in 15 percent more communes that had road improvements, as can NPK mixed fertilizer. Two other types of fertilizer also show large impacts though these are not statistically significant ─ evidence of larger variance in the estimates. Gasoline is also significantly more readily available in 16% of communes. These patterns suggest that some markets respond more rapidly than others. For example, the availability of consumer goods,
including perishables, appears to adjust more rapidly than that of inputs to production, for example. It is likely that the means through which these two sets of goods are brought to market differ, with those for which we find impacts in the longer run most likely being transported by specialized entities from outside the communes.
By 2003, we discover significant positive impacts of the road improvements on the availability of hairdressing and tailoring services for men and women separately. All services for which we have data show some signs (albeit with differing degrees of significance) of being positively affected by the roads. The weighted DD show that men's and women's hair dressing were newly available in 14 and 20% more communes in 2003.
These impacts are consistent with our earlier finding that the improved roads led more households to derive their livelihoods from the services sector.
Somewhat surprisingly, no impacts are found with respect to the functioning of land markets or transport services as a result of the project. The latter may well reflect substitution to cheaper or more practical alternatives, which are now more cost-effective given the improved road conditions. Corroborating evidence for this conjecture is found in the household level data. In the short term, we found that the ownership of bicycles significantly increased for an average 6 percent more households in project relative to comparison areas. Significantly more project households also turned to renting or borrowing motorcycles for their transport requirements (details available from the authors).
It is worth noting that there is sensitivity to the choice of estimation method. The simple DD estimates are rarely in accordance with the PS-based measures. But there is no obvious pattern to the differences. Sometimes the bias appears to be to overestimate impacts and sometimes to underestimate them. Nor are impacts always robust to the two PS-based estimation methods.
In sum, we find indications of significant impacts on market development and commercialization with some aspects of this, such as food goods availability, responding rapidly, and others, such as the presence and frequency of markets and non-food goods and services availability, taking two years more on average to emerge. Our results also indicate that the project resulted in households switching from agriculture to non-agricultural, mostly service-related, activities. This effect also takes time and is not apparent until 2003.
Finally, of note too are the significant, sustained and robust impacts on primary school completion rates.
While these impacts are notable, there are numerous outcome variables that show no significant differential average impact attributable to the roads. However, these estimated average treatment effects may hide significant heterogeneity across project communes.
Using the PS-matched DD method, we can calculate the individual treatment effects for each of the 94 project communes. Eyeballing these confirms that individual treatment effects are not homogenous across project communes. Impacts are much larger for some communes, and there are typically both positive and negative impacts for a given outcome.
Next, we explore the covariates of road impact estimates.
Heterogeneity in impacts and MIMIC results
We first explore whether impacts differ between relatively rich and poor communes.
Probably, there is nothing intrinsic to "rich" or "poor" communes that make roads good or bad investments there. Rather, it is the characteristics associated with such communes that interact with roads to influence their impacts. What are those characteristics? One hypothesis is that benefits are highly dependent on local human capital endowments needed to take advantage of the opportunities afforded by new roads. Other hypotheses can be suggested, such as that historical discrimination against certain social and economic groups makes it harder for them to adopt more outward economic orientation, as required to take Calculating mean impacts separately for the 47 communes below, and above median predicted household consumption expenditures, reveals pronounced differences in impact estimates between poor and non-poor project communes. Particularly striking is that the impacts are generally substantially larger for the poorer communes. This can be seen in Figure 2 which plots the two sets of impacts, normalized by each group's mean value of the variable in the baseline. Few data points fall on the 45 degree line. The bulk of impacts for poor communes are positive, while they are negative for the non-poor. 36 percent fall in the northwest quadrant indicating that roads often resulted in positive impacts for the poorer communes while having the opposite effect on better-off communes. The correlation coefficient is 0.37 overall, but drops to -0.001 when we omit the observation in the north east corner. So there is no robust sign that outcomes which tend to improve with road investments in poor areas tended to be the same as those that improved in non-poor areas.
When we estimate t-ratios by simply regressing impacts on a dummy variable for whether the commune is above or below median consumption, the differences in impacts between the poor and non-poor are significant in many cases, although few of the negative impacts among the non-poor are significant in their own right, and only about one third of the positive impacts for the poor are significant. The negative impacts for the non-poor may reflect a displacement of impacts to outside the commune (say). However, the weak statistical precision suggests that one should not make too much of this finding. The more important point here is not so much whether individual impacts are individually significant or not but rather that impacts on the bulk of the outcomes tend to be greater for the poor.
What is it about poorer and better-off communes that results in such differences in impacts? Table 3 reveals considerable and highly significant differences in attributes across communes delineated poorer and better-off on the basis of predicted household consumption. Poorer communes are associated with characteristics that are typically assumed to be disadvantageous, including higher illiteracy, larger ethnic minority populations, and a larger distance to the closest city and markets. They have generally lower levels of road and population densities, credit availability, public services and transportation accessibility, and are more likely to be in mountainous areas. Our finding of generally higher impacts in consumption poor communes that also tend to have worse attributes begs for analysis of the role of initial conditions in determining road impacts.
To explore this, we turn to our analysis using the MIMIC estimator discussed in section 4.2. Recall that the dependent variables are the commune level impact estimates (given as average impacts in Table 2 ). We group these into 11 development outcomes and 9 outcomes related to the availability of goods and services. For example, for transport impact, MIMIC runs a system of 2 equations on the 2 transport related impact estimates given in Table 2 . The explanatory variables are initial pre-project community characteristics for the sample of 94 treatment communities. In addition to those listed above, observed, and potentially important, mediating physical, social and economic commune conditions also include location in the country's north, the share of households owning motorcycles, and the commune's mean (log) predicted consumption per capita. We create and include a number of indices that summarize the prevalence of floods and storms between 1997 and 2003, and transportation accessibility and credit availability in the baseline. 13 Each regression also 13 The transportation accessibility index averages dummy variables for the presence of provincial and national roads, railways and waterways. The credit availability index is the average of dummies for the availability of credit from: Agricultural bank, commercial banks, the Bank for the poor, credit coops/ people's credit funds, An alternative to MIMIC is to construct a simple ad hoc index and then to regress each index on commune characteristics using OLS. There are arguments for and against this alternative to MIMIC. This OLS approach is less data driven and can accommodate our relatively small sample size better. Nonetheless, MIMIC is inherently more efficient than OLS on a simple index in two ways: it estimates the weights for each outcome together with other parameters without imposing arbitrary restrictions, and equally important, it takes into account the fact that the impacts on related outcomes in each group are correlated. Thus, government programs, mass organizations, international projects or NGOs. The average incidence of floods and storms over the survey period provides the flood and storm index. 14 We do not include measures of social services as there is little variance across communes. We tried length squared but this was never significant. We leave these out as we are limited in degrees of freedom. 15 Note that the fact that the dependent variables are estimated rather than data does not invalidate the parameter estimates or their standard errors. The estimated impact is the true impact plus an error term which will end up in the composite regression error. The overall predictive power will fall but the estimates will still be valid.
there is a tradeoff between the methods but on balance, we prefer MIMIC. Even so, we tried the OLS alternative and found that it gave similar results. 16 We note first that impacts are for the most part significantly reduced for communes with a higher initial value of the outcome variable. So we find evidence of decreasing impacts ─ marginal returns are higher when outcomes are initially lower. This is consistent with our earlier finding that impacts are higher in poorer communes (Figure 2 ). Off-farm employment and school enrollments are exceptions for which we find significant increasing returns instead. With respect to the latter, recall that 'enrollments' are made up of primary school enrollments and completion rates, and secondary school enrollments. All communes have primary but not secondary schools. It is plausible that a road improvement now allows children to more readily reach a secondary school which will encourage both primary school completion and post primary enrollments when primary school enrollments are already considerable.
A number of commune attributes consistently dampen the impacts of improved roads, although not significantly across all outcomes. For example, a high prevalence of weather shocks significantly reduces the impacts of road improvements on the availability of transport services, shops, hotels and restaurants, services, unskilled wage employment, and school enrollments. Vulnerability to bad weather and frequent disruptions presents impediments to the development and flourishing of these aspects of local development that are not resolved by better road conditions.
A high concentration of minority households, controlling for a mountainous location, mean consumption and education, results in significantly lower impacts on many of the same outcomes. This may reflect the fact that many ethnic minorities have less of a tradition of using markets or relying on public or private services due to a culture molded by past discrimination; this is broadly consistent with the arguments and evidence of van de Walle and Gunewardena (2001) on the sources of ethnic inequality in Vietnam.
Higher adult illiteracy rates also reduce the impacts of road improvements on a number of market related outcomes, consistent with human capital and infrastructure being complements. 16 We tried this approach using mean rescaled impacts, where the rescaling was (DD i -DD min )/(DD max -DD min ) in obvious notation. The index for each underlying outcome is then the average of the relevant rescaled Figure 2 suggested that consumption poor and non-poor communes have disparate impacts across different outcomes. Yet, once we control for commune characteristics, average consumption is largely no longer a significant predictor of road impacts. In the two cases where it is significant, the interaction effect is negative.
Some characteristics have almost exclusively positive interaction effects. Location in mountainous areas increases road impacts significantly for market development and employment opportunities, as well as for the availability of services and a number of food and non-food goods. This reinforces our intuition that, holding other characteristics constant, poor road conditions represent a key constraint to local development in mountainous areas.
Given that we control for mean consumption, we take the share of households owning motorcycles to indicate the degree to which households can rapidly take advantage of the road for their transport needs. We find that it raises the impacts on the development of off-farm activities, land markets and school enrollments.
Population density is typically a project placement criteria as it was for RTP1.
Impacts and marginal returns are expected to be higher in more densely populated communes. Yet, we find that it can go both ways, increasing the impact of roads on the availability of various goods and services, but reducing impacts on health services provision.
A priori, a number of attributes ─ namely, distance to the closest big city, how accessible a commune is initially (as measured by whether it is serviced by a national or provincial road, a railway or water ways) and distance to the closest market (0 if in the commune) ─ can have both substitution and complementary effects for local development.
For example, proximity to a big city, may well reduce the impact of road improvements on local area development by facilitating people's access to bigger and better outside markets and services. Equally well, it may raise them by functioning as a complement for local development, providing a handy supply of goods, and source of information and skills.
Our results indicate that these attributes can be both substitutes and complements.
The larger the distance to the nearest city, the greater the impact on transportation services, shops and schools. However, proximity to a big city results in higher impacts on land market development and the availability of medicines and services. Transportation accessibility is a impacts. complement for local road conditions in market development and the availability of some goods and services, but reduces the impacts on new school construction, probably through enabling local students to attend better quality schools outside the commune. Similarly, being close to an outside market reveals ambiguities in its impacts across outcomes. The greater the distance, the higher the impact on markets and health services provision, and the lower the impact on transport services and shops.
A number of other commune attributes interact with road improvements to both raise and reduce impacts depending on the outcome indicator. Location in the north, where entrepreneurship and markets have been less developed historically, results in both lower and higher impacts. An often cited bottleneck to development is lack of credit. We find evidence for this in the case of market development but not for other outcomes.
Consistent with the picture of dynamic average impacts discussed in section 5.2, we see that road impacts can be both enhanced or reduced as more time elapses since project completion. Impacts on both off-farm activities and school enrollments rise at an increasing rate as more months go by. Yet, impacts on the availability of certain goods exhibit rapid impacts, followed by decreasing impacts over time. The length of the road worked on also interacts both positively and negatively to affect impacts. Although the information is incomplete in our project data base, length appears to be positively correlated with the road being an intra-rather than an inter-commune road and with an initial road condition of 'failed'(vs. poor, fair, good, or excellent). 
Conclusions
We have studied the impacts of rural road improvements on local area and market development at the commune level in Vietnam. Our methods combine a double difference estimator with propensity score matching on pre-intervention covariates. We have studied average impacts, including the time it takes for them to emerge. However, our main focus has been on the heterogeneity in impacts, and the nature of that heterogeneity, including the interactions with geographical, community, and household characteristics. We have also asked whether covariates are congruent across outcomes, to see what implications there might be for future project design. Factor-analytic methods have been used to reduce the dimensionality, and model the determinants of impacts.
There are indications of significant impacts on the development of markets and commercialization. Some outcomes, such as food goods availability, responded rapidly to the new and improved roads. Others, such as the presence and frequency of markets and non-food goods and services availability, took two years more on average to emerge. The project resulted in households switching from agriculture to non-agricultural, mostly service-based, activities. Perhaps most notable, the project had significant, sustained and robust, impacts on primary school completion rates. Yet there are many indicators of local area development for which we find little significant impact attributable to better roads.
However, we also find enormous heterogeneity in the effects on market activity and local commune development. The circumstances of a project's location influence its impacts. Poorer communes tend to benefit more, reflecting a tendency for decreasing returns, whereby impacts are higher when a commune is poorly developed in terms of its market and other institutions. While poorer communes tended to experience higher impacts on many indicators of market development, poorer communes have some attributes that tend to lessen impacts. For example, location in mountainous areas, holding other covariates constant, boosts road impacts on some aspects of local development. But many mountainous communes in Vietnam have a high share of ethnic minorities and high illiteracy rates which are both uniformly negative in their effects. The role of the initial level of local and market development appears to be crucial.
However, it is not the case that positive impacts across multiple outcomes are particularly concentrated in certain communes, as might occur if there were a set of key commune attributes that need to be in place to interact with better road conditions to insure impacts on diverse outcomes. The corollary of this finding is that a particular commune attribute can interact with roads to have diverse impacts on local development outcomes ─ sometimes acting as a complement and sometimes as a substitute. Thus, the project tended to encourage local development in some communes and displace it in others. It is the combination of commune attributes and how they interact with the road improvement that is the key to understanding rural road impacts.
It is clear from our results that different communities have different opportunities or capabilities to benefit from road improvements. In principle this fact can be exploited by project design to assume larger development impacts. However, our results also suggest that simple robust aid allocation formulas would seem to be elusive, given the complexity of the way initial conditions interact with road improvements. Unless one values some aspects of local community development more highly than others, our results impel us to be skeptical There are 94 project and 95 non-project communes in the sample. Most outcome variables in Panel A refer to availability in the commune. The following are exceptions: market frequency takes the values 0 for no market, 1for once per week or less, 2 for more than once a week, 3 for permanent market; % of households in various occupations refer to their main source of income; the primary school enrollment rate is defined as the net enrollment rate for commune children aged 6-11; the primary completion rate is defined as the share of children 15 and under who completed primary school; the secondary school enrollment rate is the share of children who graduated from primary school in the previous year who are enrolled in secondary school. Availability in Panel B is measured as dummy variables for whether the good or service is always available in the commune. 
